The purpose of this study was to develop e-learning activities that integrated 7 sustainability concepts and practices in process engineering education. Two blended courses were 8 developed with two activities evaluated quantitatively and qualitatively to measure student 9 engagement, quality of responses, and incorporation of sustainability in their arguments. Social 10 network analysis and lexical analysis were used to assess students' participation in discussions and 11 peer reviews. In the online discussion, 97 comments were made averaging 120 words per comment.
Introduction

23
Demonstration of an understanding of sustainability and societal and environmental is 24 considered a key engineering competency by several engineering societies. 1 
36
Applied chemistry graduates from local universities in developing nations are often employed 37 in the process industry. Hence, such curriculum often includes several process engineering courses 38 to improve their employability. The curriculum are often designed to ensure that upon completion 
55
Blended learning can offer a unique opportunity of incorporating key sustainability concepts 56 and practices within the applied chemistry and engineering curricula. 7 The recent developments in 57 technology, such as e-learning offer an opportunity for substantial growth in engineering education.
58
However, they are several challenges with implementing e-learning in Africa, and these include poor 59 internet access or connectivity, lack of locally developed learning material and lack of technical know-60 how. 8, 9 Furthermore, online learning can be hindered by technological difficulties and lack of 61 community resulting in decrease of learner motivation. 8 However, by combining face-to-face and 62 online learning, blended learning has been shown to be an effective alternative. [10] [11] [12] 
63
It was hypothesized that student engagement and appreciation of sustainability in developing 64 nations could be improved through e-learning. Incorporating sustainability requires development of content that address local issues. 13 Hence, the goal of this project was to develop e-learning course 66 materials that emphasize the role of sustainability in process engineering. Furthermore, lexical 67 analysis was used to assess students' participation in discussions and peer reviews. 
70
The participants in the study were 25 students from a public university in Zimbabwe. All the 71 students were in their final year at college. The students had varying experiences in online learning.
72
However, none of the students had previously enrolled in a blended learning class as part of their Table 1 . Activities used in the incorporation of sustainability in process engineering.
Measures
80
Activities
Learning objectives Source
Type Question
Online discussion
According to Milorad P. Dudukovic, "The key challenge for chemical reaction engineering is the development of new more efficient and profitable technologies. This is to be accomplished via an improved science-based scale-up methodology for transfer of molecular discoveries to sustainable nonpolluting processes that can meet the future energy, environmental, food, and materials needs of the world." Discuss how chemical reaction engineering can be used to meet the Millennium Development Goals in Zimbabwe, particularly goal 7 on environmental sustainability.
• Apply the fundamentals of reaction engineering in answering sustainability problems.
• Develop an understanding of the MDGs and SDGs
Research article 14 Design report
Your local hospital received a report from the Environmental Monitoring Agency that stated that the effluent from the hospital is contaminating a local river. As a design engineer, you are tasked with proposing and designing a wastewater treatment plant for the local hospital. Write a design report for a costeffective and innovative wastewater treatment plant for the hospital. Discuss how your design is sustainable and helps the nation to meet the MDG 7.
• Evaluate the reliability, effectiveness, and limitations of available tools, equipment or technology for solving engineering problems.
• Develop a solution that best meets system requirements and specifications.
Report 15 MDG 7 was used in the activities as it offers a concise reference to the SDGs relevant to process engineering; 81 namely, SDG 6, 7, 9, 13, 14, and 15.
83
Participant engagement during the online discussion and peer review was measured using the 
88
were used to establish the impact of social engagement in the online discussion and peer reviews.
89
Participant posts from the online discussion (N = 97) were collected from the two courses and 90 subsequently weighted for their quality in five key aspects; namely, Argumentation, Responsiveness,
91
Elicitation, Reflection on Individual Process, and Reflection on Group Process (Table 2) . 16, 17 The peer 92 reviews were analyzed for their quality as well. To determine if the participants incorporated sustainability concepts and practices in the online Figure 3 . The visualized the most frequent words used in the online discussion.
94
113
The participants contributed 15 questions that demonstrated the participants reflected on 114 sustainability. Examples of the engaging questions posted on the forum are shown in Table 3 .
115
However, it should be noted that two of the questions contributed were for technical assistance. Table 3 . Elicitations in online discussions.
116
117
Examples of engaging questions* 
119
The argumentation and responsiveness in the comments where slightly above moderate at 2.25 120 and 2.16, respectively (Table 4) . However, the level of elicitation was low at 0.39. They were only 15 121 questions out of the 97 comments. The reflection in the post and group ideas was slightly above 122 average at 1.24 and 1.14, respectively. 
124
140
The quality of the comments in online discussion and peer review were high suggesting the 141 students offered well-argued responses that offered at least a single supported idea and deep
142
reflection. Social interaction among participants probably encouraged students to participate more.
143
The learning management system used in the study had tools for 'liking' a comment and this
144
probably incentivized posting more thoughtful and well-argued comments. 16 The quality of the 145 responses in this study were probably due to the fact that the question the participant addressed was 146 local and relevant. A previous study found student engagement was mainly influenced by course 147 design and student perception. 11 Furthermore, the study found when a student considered the online 148 activity to be highly important they became cognitive and emotional engaged to the task. 11 Therefore,
149
to enhance student engagement, the instructor should probably demonstrate the importance of the 150 activity.
151
The participants managed to incorporate sustainability concepts and practices in their 152 arguments. As illustrated by the word cloud (Figure 3) 
